Introduction
Magnesium (Mg) is the fourth most abundant mineral present in human body and the second intracellular cation in living cells after potassium. Most Mg is intracellular (99%) and only 1% is extracellular. Magnesium is necessary as a cofactor of several enzymes that play important roles in glucose metabolism involved in multiple levels, such as in insulin secretion, binding and activity. Cellular magnesium deficiency can alter the www.jmscr.igmpublication.org Index Copernicus Value: 79.54 ISSN (e)-2347-176x ISSN (p) 2455-0450 DOI: https://dx.doi.org/10.18535/jmscr/v7i5.35 membrane bound sodium-potassium-adenosine triphosphatase which is involved in the maintenance of sodium-potassium gradients and glucose transport.¹ In diabetics there is direct relationship between serum magnesium level and cellular glucose disposal that is independent of insulin secretion. This change in glucose disposal has been related to increased sensitivity of the tissues to insulin in the presence of adequate magnesium levels.² The link between Mg deficiency and type 2 diabetes mellitus (T2DM) is well known. T2DM is frequently associated with both intracellular and extracellular Mg depletion.³ Mg deficit as a possible unifying mechanism associated with insulin resistance, including T2DM, metabolic syndrome, and hypertension. Mg deficiency could precede and cause post-receptorial resistance of insulin action and alter the glucose metabolism.⁴ Insulin enhances Mg re-absorption at the thick ascending limb (TAL) and distal convoluted tubules (DCT) of renal tubules.⁵ Preclinical hypomagnesaemia is considered with serum Mg level of ≤ 0.75mmol/L (1.8mg/dl) and frank hypomagnesaemia with Mg level ≤ 0.61mmol/L (1.5mg/dl), indicative of systemic Mg deficit. Depletion of intracellular and ionized Mg can be found in many subjects with total serum Mg still in the normal range due to lack of sensitivity of total serum Mg measurement, thus measurement of ionized Mg can help identify low concentration of blood Mg.⁶ Hypomagnesaemia reliably indicates magnesium deficiency, but its absence does not exclude significant magnesium depletion.⁷ The causes of hypomagnesaemia in T2DM are multifactorial. Insulin resistance or deficiency may exacerbate renal Mg wasting and hyperglycaemia per se induce glycosuria causes higher osmotic urinary excretion of Mg as well as recurrent metabolic acidosis and diabetic ketoacidosis (DKA) and hypoalbuminimic state decreases Mg binding.⁸'⁹ Hypomagnesaemia has been implicated in T2DM and its chronic complications. In a recent study it was found that T2DM with hypomagnesaemic nephropathy had 2.12 fold increased risk for progression to end state renal disease (ESRD).¹⁰ There is high prevalence of hypomagnesaemia in subjects with T2DM and in different studies it varies from 13.5% to 47.7% .¹¹ In India it has been reported from 6% to 11.3%.¹²'¹³ Hence this study was conducted to know the incidence of hypomagnesaemia in T2DM patients and to correlated with glycaemic status, dyslipidimia and its chronic complications such as diabetic retinopathy and nephropathy.
Aims and Objectives
The primary aim the study was to find out incidence of hypomagnesaemia in T2DM patients in comparison to non-diabetic healthy controls and the secondary aim was to correlate the magnesium level with different glycaemia status among T2DM patients and its different chronic complications.
Methods
This was a comparative observational study, done in the Department of General Medicine, VIMSAR, Burla. The study protocol was approved by the Institutional Research and Ethical committee (Regd. No.ECR/861/Inst/OR/2016).
Consecutive 100 T2DM cases aged between 30-70 years old attended to Department of General Medicine, during the period of October 2016 to October 2018 and 100 non-diabetic age and sex matched cases were selected as control. Patients with acute renal failure, acute myocardial infarction, on diuretics, alcohol abused, on antacids containing magnesium or on magnesium supplementation, malaborption, chronic diarrhoea, thyroid and other endocrine disorders were excluded from the study. With consent of patients detailed history and clinical examinations and relevant biochemical investigations were done as indicated. Fresh unhemolysed serum was used for serum magnesium estimation using Calmagite dye method by autoanalyser (Beckman DU Clin systems). The test principle was:-Under alkaline condition, magnesium ions react with Calmagite dye to produce a red complex which is measured sphectrophotometrically at 530 nm. Intensity of the colour produced is directly proportional to magnesium concentration in the serum. The reference normal level of serum magnesium using this method was 1.7-2.4 mg/dl. Hypomagnesaemia was considered when serum Mg level was <1.7mg/dl. Data were collected and all the data were entered in a predesigned Microsoft Excel and statistical analysis was performed and the categorical data were compared by the chi-square test and the comparison of mean value were performed by unpaired student-'t' test. P value of <0.05 was considered to be statistically significant. All the statistical data was analysed by SPSS version 16 software for windows.
Results
Maximum numbers of cases were in between age of 40-60 years (66%).The mean age of the diabetic patients was between 55.42±12.65 years and it was 55.58±12.84 years in the control group. They were 59% and 41% male and females in diabetes group and 61% and 39% males and females respectively in control group. Both cases were divided into, hypomagnesaemia group (serum Mg <1.7 mg/dl) and (serum Mg >1.7 mg/dl) as normal serum magnesium group. Hypomagnesaemia was present in 66 (66%) diabetic cases and 8(8%) in control group. In the normomagnesaemia level there were 34(34%) diabetic and 92(92%) in control group. (Table 1. ). The mean serum magnesium level in diabetic and non-diabetic was 1.67±0.36 mg/dl and 2.03 ±0.40 mg/dl respectively. Hypomagnesaemia was statistically significant with T2DM. (p<0.05). In the hypomagnesaemia group 2 (3%) cases were less than 40 years, 46 (69.6%) cases were between 40-60 years and 18 (27.2%) cases were > 60 years. In the normomagnesaemia group 2 (5.8%) cases were ≤ 40 years, 20 (58.8%) cases were between 40-60 years and 12 (35.2%) cases were > 60 years. Majority of patients were > 40 years of age. Thus, hypomagnesaemia was not significant with age. (p>0.05).There were 41(41%) males and 59(59%) female cases. The mean serum magnesium in males and females were 1.719±0.38 and 1.595±0.34 respectively. There was no significant difference in incidence of hypomagnesaemia with sex. (p>0.05). In this study the mean + SD of serum magnesium level was 1.6±0.36 and the mean + SD of FBS was 230.100±88.03.The value of serum magnesium was inversely related to FBS. There was a statistically significant fall in serum magnesium levels with higher levels of FBS. (p<0.05).There were 6 (9%) cases in the hypomagnesaemia group with 2 hr PPBS < 200mg/dl, and 60 (90.9%) cases with PPBS ≥ 200mg/dl. There were 8 (23.5%) cases with PPBS <200mg/dl and 26 (76.4%) cases with > 200mg/dl in normomagnesaemia. (Table. 2.) Thus, higher 2 hr PPBS was statistically significantly associated with low serum magnesium levels. (p<0.05). According to HbA1c the hypomagnesaemic T2DM cases were divided into 3 groups, HbA1c <7% (good control), HbA1c between 7-9 % (moderately control) and HbA1c >9 %( poorly control). In 24 (36.3%) patients HbA1 C was 7-9% and in 42 (63.6%) cases HbA1c was > 9%. In the normal serum magnesium group 22 (64.7%) patients had HbA1 C <7%, and 6 (17.6%) had HbA1 c 7-9% and 6 (17.6%) had HbA1 C >9%. (Table. 3). There was statistically significant decline in serum magnesium levels with worsening glycaemia status (p<0.05). Fifty (50%), 32 (32%) and 18(18%) patients were on insulin, oral antidiabetic drugs (OADs) alone and on both insulin + OADs respectively. In hypomagnesaemic cases 40 (60.6%), 8 (12.1%) and 18 (27.2%) cases were on insulin alone, OAD alone and combination of OADs+ insulin respectively. In the normal serum magnesium levels 10 (29.4%) cases were on insulin and 24 (70.6%) were on OADs. The mean serum Mg level in the OADs group, insulin + OADs and insulin alone group was 2.02mg/dl, 1.59 mg/dl and 1.25 mg/dl respectively. The serum Mg levels were significantly lower in the insulin required group compared to the OADs treated group. (p<0.05).
STUDY CASES -------------------CONTROL CASES

Discussion
Type 2 DM is characterized by insulin resistance and relative insulin deficiency. Magnesium is known to play important role in carbohydrate metabolism and its deficiency has been implicated in diabetes mellitus, as a cause and consequences.¹⁴ Magnesium is a cofactor in the glucose transporting mechanism of the cell membrane and various enzymes involved in carbohydrate oxidation and intracellular reduction in magnesium concentration strengthens insulin resistance.¹⁵ A low intracellular Mg concentration found in uncontrolled T2DM may results in defective tyrosine kinase activity at the insulin receptor level. The tyrosine kinase enzyme requires magnesium to help exert insulin in its blood sugar lowering effect.¹⁶ In the present study age range of diabetic patients were between 38-80 years.
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The average age of the cases and control was 55.4 and 55.6 years respectively. In a study conducted by Corsonello et al, diabetic subjects with microalbuminuria or clinical proteinuria showed a significant decrease in serum ionized magnesium in comparison to normal albuminuria patients. ²³ In our study serum Mg had inverse correlation with 24 hour urinary protein excretion which was statistically significant. Hypomagnesaemia and albuminuria individually or in conjunction serve as indicators for dysglycaemia and could be used as marker for the risk of development of diabetic nephropathy.²⁷ Our study also showed a statistically significant association of hypomagnesaemia with diabetic retinopathy. Nadler JL et al (1992) evaluated intracellular (erythrocyte) Mg concentration in diabetics which was significantly reduced as compared to healthy controls and studied the effects of intravenous 3 hour Mg drip or 8 weeks of 400mg /day oral Mg supplementation on intracellular Mg levels and platelet reactivity.²⁸'²⁹ Oral Mg restored RBC magnesium concentration to normal. Both intravenous and oral Mg supplementations markedly reduce platelet reactivity in response to thromboxane A2 analogue U46619.²⁸'³⁰'³¹ and they suggested oral Mg may ameliorate Mg deficiency or prophylactic oral Mg may help avoid or ameliorate complications associated with Mg deficiency such as arrhythmias, hypertension and sudden cardiac death and may improve the course of diabetes.²⁸ In our study the Insulin requiring T2DM patients were more hypomagnesaemic than controlled with OADs treatment, suggesting severe insulin deficiency associated with hypomagnesaemia.
Conclusions
In our study incidence of hypomagnesaemia was very high in T2DM patients in comparison to non diabetic controls and very commonly found in chronic complications of T2DM, such as retinopathy, nephropathy, and dyslipidemia. Thus, it may be very important in clinical practice to periodically monitor plasma magnesium concentration in diabetes patients. An intervention to increase dietary/oral supplementation of magnesium may have preventive and therapeutic potential in control and prevention of complications of type 2 DM. Therefore, study of magnesium supplementation for treatment of T2DM and prevention of its complications needs further study.
